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6.  Test Definitions

The test definitions are in three major groups. The first group is the Subsystem Tests that will be ported from the Subsystem test program to be run during LAT level receiving tests and integration, and in some cases later during acceptance testing. The second group is the Integration Tests that are a small set of additional tests to be run on each unit as it is integrated into the LAT. The third set is composed of SVAC, Trigger and Data Flow, and System Interface tests. Many of the functions tested by the subsystem test scripts will be absorbed into the third set of tests, so few if any of the subsystem tests will be performed on the LAT after integration is complete. 

6.1. Subsystem Tests

6.2. Integration Tests

6.3. Tower Tests

6.4. Trigger and Data Flow Tests

6.4.1. Start-Up Tests

6.4.2. Trigger Tests
6.4.2.1. TREQ Timing Alignment

This test verifies the timing alignment and jitter for each GEM trigger input by examining its arrival time at the GEM with respect to a reference trigger. It is performed at the subsystem level and at LAT level, both on the ground and on orbit.
At the subsystem level, to measure the TREQ alignment of individual Towers or ACD tiles, the LAT will be configured to trigger on an external muon telescope along with TKR, CAL-LO, CAL-HI, and ACD ROI in a logical OR.  The GEM condition arrival time for each trigger is measured, and the mean and jitter are computed.  Because only a fraction of FHE thresholds can be set low enough to trigger on muons, the arrival time of CAL-HI is collected for informational purposes only.  For the ACD, this test may be performed prior to integration with the LAT.  Execution of this test on the ACD prior to integration will allow the timing configurations to be defined for the LAT-level tests that use the ACD as trigger.
To test the TREQ alignment of the ACD after it is integrated into the LAT, the LAT will be configured to enable only the undelayed TKR trigger to open the GEM window (i.e. trigger on TKR).  With all ACD tiles grouped into ROIs, and a fixed delay applied, the GEM ROI condition arrival time will be measured and the arrival time associated with its proper tile by inspection of the GEM Veto list.
To measure the TREQ alignment of TKR and CAL at the LAT level, the LAT will be configured to enable only the undelayed ACD ROI to open the trigger window, and the GEM condition arrival time for TKR, CAL-LO, and CAL-HI will be measured.  CAL thresholds will be set to values near their noise floor (note again that CAL-HI arrival time is not reliably measured on the ground).

On orbit, the consistency of the TKR, CAL-LO, and CAL-HI condition arrival times will be measured with heavy cosmic rays and high energy photons (i.e. those that deposit at least a few times the FLE or FHE threshold energy).  Similarly, the consistency of the TKR and ACD ROI condition arrival times will be measured for selected cosmic rays (lower Zs are useful for ACD timing).
In particular, we expect that eight TKR and CAL Modules will be TREQ-aligned by the subsystem-level test, with the external muon telescope trigger.  A portion of the ACD tiles will be TREQ-aligned with the muon telescope prior to the integration of the ACD.  After integration, the full ACD will be TREQ-aligned using the undelayed TKR trigger reference, and the optimal values compared against the previously aligned tiles.  Finally, the TKR and CAL will be TREQ-aligned using the ACD trigger reference, and the optimal values compared against the previously aligned Towers.

6.4.2.2. Subsystem TACK Delay Test

This test determines the optimal trigger output (TACK) delay for each subsystem.  It is performed at the subsystem and LAT level, the latter both on the ground and on orbit.
At the subsystem level, to determine the optimal TACK delay for individual Towers or ACD tiles, the LAT trigger masks will be configured to trigger on the external muon telescope or the TKR, as appropriate. The TACK delays for TKR, CAL, and/or ACD PHA (as appropriate) will be scanned over the applicable range simultaneously.  The optimal TACK delay will be determined by analysis of the pulse heights for the CAL and ACD and hit multiplicity for the TKR.  


At the LAT level, after the ACD is integrated, the TACK delay for ACD PHA, TKR, and CAL will be optimized with the LAT configured to trigger on TKR.  Again, the optimal TACK delay will be determined by analysis of pulse heights for CAL and ACD PHA and hit multiplicity for TKR.
For tests on orbit, the trigger will be the TKR in coincidence with the ACD CNO to provide a modest rate of medium cosmic rays, and TKR in coincidence with ACD ROI prescaled to provide a modest rate of protons and helium.  The event data will be analyzed off line to select clean cosmic ray tracks and identify their charge, from which the TACK optimization can be derived.
We expect the following test flow.  The TACK optimization of the first eight TKR and CAL Modules will be performed by the subsystem-level test, with TKR trigger.  The ACD TACK optimization will be performed with the ACD ROI trigger prior to the integration of the ACD.  After integration, the TACK delay for the ACD PHA, TKR, and CAL will be optimized using the TKR trigger reference, and the optimal values compared against the previously optimized Towers.

6.4.2.3. FLE Muon Scan
This test determines the optimal setting for the FLE to support muon data taking.  An optimal FLE setting allows the CAL to generate an essentially unbiased muon event sample without excessive contribution from noise triggers.  This test is performed at the LAT level.
The FLE noise floor for each GCFE will be estimated by examining the LRS counter rate as the FLE threshold is scanned over the relevant range.  The threshold will then be set several FLE DAC steps above the noise floor (each step is ~1 MeV).  After a trial threshold is chosen, FLE-triggered muon data will be collected with TEM trigger diagnostic data readout enabled.  CAL layer ends that generate excessively high trigger rates may be identified from the TEM diagnostic data and excluded from further tests.  
If disabling entire CAL layer-ends would result in a muon distribution with unacceptably large bias, the search for hot FLE triggers can be extended to identify individual hot log ends.  For this study, additional muon collections are required, in which single CDEs in each hot layer are enabled in series, one at a time.
6.4.2.4. Trigger Efficiency

This test determines the LAT trigger efficiency.  It is performed at the LAT level.  Ground tests of trigger efficiency are performed with sea-level muons.  On-orbit tests are performed with photon and cosmic ray events.
This test will simultaneously activate TKR, CAL-LO and ACD triggers to collect data with the LAT. Offline analysis will use a subset of the triggers to select unbiased event samples for testing the efficiency of the trigger not used in the selection.  

To test the TKR trigger efficiency, events will be selected requiring CAL-LO trigger with the threshold set to trigger on muons (for ground test).  Tracks will be imaged with CAL and ACD, and the expected hit towers will be compared with the TKR trigger vector in the GEM.

To test the CAL trigger efficiency, events will be selected requiring the TKR trigger.  Extrapolated TKR tracks will be compared to the CAL-LO and CAL-HI vectors in the GEM.  CAL-HI efficiency can be measured only on orbit.
To test the ACD trigger efficiency, events will be selected requiring the TKR trigger, and the ACD ROIs will be defined as for flight.  Extrapolated TKR tracks will be compared to the GEM veto list.

The efficiency test runs will be run at two different GEM trigger window widths to verify the trigger latching coincidence has reached asymptotic level.  

For on-orbit verification of the trigger efficiency, the same process will be followed, but the CAL-LO threshold will be raised to the flight-nominal value (~100 MeV).  
6.4.2.5. ACD Veto Efficiency Test

This test verifies functionality and efficiency of the ACD Veto.  It is performed at the LAT level with muons for ground test and cosmic ray events on orbit.

The LAT will be configured to trigger on CAL-LO with the threshold set to trigger on muons (for ground test) in logical OR with TKR vetoed by ACD ROI.  Extrapolated TKR tracks of events triggered by CAL LO give an unbiased muon population from which to find the leakage rate of TKR triggers not vetoed by the ACD ROI or possible false vetoes.  
6.4.2.6. ACD Trigger Rate Test

This test maps the ACD single-tile trigger rate and searches for hot trigger channels.  It is performed at the LAT level on the ground and on orbit.

The LAT will be configured to trigger on ACD ROIs, with ROIs created from groups of ACD tiles on the same plane.  Prescaling to reduce the rate to an acceptable value for readout is permitted.  The trigger rate from each tile will be mapped from the GEM veto list and hot trigger tiles identified as outliers.
This test will be repeated at intervals on orbit to verify that the hot tile list has not changed.
6.4.2.7. GEM Self-Integrity Tests
These tests verify consistency between event data and trigger vectors.  They are performed at the LAT level on the ground and on orbit.
Data from the Trigger Efficiency Test will be analyzed to check the consistency between (a) the Condition Summary word versus the TKR, CAL, and ROI vectors, (b) the condition arrival times versus the TKR, CAL, and ROI vectors, (c) the TKR and CAL event data and the TKR and CAL vectors, (d) the Veto list and the ROI, and (e) delta event time, delta window time, livetime, prescaled event, and discarded event statistics counters.
6.4.2.8. GEM Trigger Engine Test

This test verifies the trigger engines.  It is performed at the LAT level on the ground and on orbit.

Each trigger engine in succession is set to the periodic trigger for a given period of time.  The trigger count for each engine is then compared to the expected count.  This test can also be performed on orbit with flight trigger configurations by rotating the trigger logic definitions among the engines and verifying consistency over time. 

6.4.2.9. ACD Channel Uniformity Test

This test measures the GEM condition arrival time of ACD ROI and HLD (CNO) signals with charge injection, and verifies the GEM ACD veto list channel map.  This test can be performed either before or after the ACD is integrated into the LAT.  It is a prerequisite for establishing the ACD channel connectivity  and uniformity prior to execution of the remainder of the ACD tests.  Verification through EGSE software (LATTE 4) shall be sufficient; FSW is not required.
Charge will be injected one tile at a time, and the GEM ROI condition arrival time will be measured and the GEM Veto list verified against the injected tile.  Charge will then be injected at maximum level one tile at a time, and the HLD threshold lowered sufficiently to trigger.  The CNO condition arrival time will be measured and the hit list verified.
ACD Hit Latching Test
This test determines the optimal ACD hit map latching delay and stretch width parameters.  It is performed prior to integration of the ACD into the LAT.  Verification through EGSE software (LATTE 4) shall be sufficient; FSW is not required.
The ACD will be configured to trigger on ROI, with the ROIs created from groups of ACD tiles in the same plane.  The hit map latching delay and stretch width parameters will be scanned to optimize the data latching efficiency.  This optimization needs to be checked for the range of ACD TREQ alignment settings expected for different tests.  
Outline of Trigger Test Sequence
Trigger tests are performed at several phases during LAT integration.  The following sections outline the sequence of trigger tests to be performed at each phase.

First Eight Towers
The following tests are performed under LATTE 4 on individual towers from the first eight installed in the Grid.
FLE Muon Scan

Subsystem TREQ Alignment Test – CAL, TKR
Subsystem TACK Delay Test – CAL, TKR
ACD Trigger Tests, Prior to Integration
The following tests are performed under LATTE 4 prior to integration of the ACD into the LAT.  The ACD, GASU, and muon telescope are required.  These tests are performed prior to integration in order that the configurations of the LAT-level timing tests that use the ACD as a trigger source may be defined prior to their execution.
1. ACD Channel Uniformity Test
TREQ Timing Alignment Test – ACD.
ACD Hit Latching Test.  This test need not be repeated at later epochs.
Subsystem TACK Delay Test – ACD
ACD Trigger Rate Test
LAT, After ACD Integration
The following tests are performed under LATTE 4, after installation of flight or flight-like GASU.
2. ACD Channel Uniformity Test

FLE Muon Scan
The following tests are performed under LICOS with FSW.
3. Subsystem TREQ Alignment Test – ACD, CAL, TKR
Subsystem TACK Delay Test – ACD, CAL, TKR
ACD Trigger Rate Test

Trigger Efficiency Test
ACD Veto Efficiency Test
GEM Self-Integrity Tests

GEM Trigger Engine Tests
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