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1. SCOPE

There is no mechanical or electrical connection between the VG + BGO DAQ and any flight hardware (eg: LAT).   The VG generates photons. Some of the photons go to the LAT, and some of the photons go to the BGO.  The BGO DAQ records the BGO data.  The BGO DAQ is completely independent of the LAT DAQ.

Whenever a run is started with the EM, CU, or LAT (generically called LAT) to observe VG photons, a simultaneous run must be started with the BGO Data Acquisition System (DAQ) to record BGO data. The average rate of photons/steradian seen by the BGO is multiplied times the LAT livetime to determine the number of photons/steradian delivered to the LAT.
2. DEFINITIONS AND ACRONYMS
The following terms, abbreviations, and acronyms are used in this document:

2.1 Definitions
	cm
	centimeter

	Hz
	Hertz, unit of frequency 

	kHz
	kilohertz, 103 Hz

	MHz
	Megahertz, 106 Hz

	msec
	millisecond, 10-3 Second

	mV
	millivolt, 10-3 Volt 

	s, sec
	seconds

	µ
	10-6

	V
	Volt


2.2 Acronyms
	BGO
	Bismuth Germinate

	CAL
	Calorimeter

	CAMAC
	A mechanical crate and electronic bus standard

	CU
	Calibration Unit

	DAQ
	Data Acquisition System

	DOE
	Department of Energy

	EGSE
	Electrical Ground Support Equipment

	EM
	Engineering Module

	GASU
	Global trigger Anti-collision Spacecraft Unit

	GLAST
	Gamma Ray Large Area Space Telescope

	HV
	High Voltage

	I/H
	Integrate and Hold

	LAT
	Large Area Telescope

	NA
	Not Applicable

	NEMO
	The name of a CAMAC module that controls the I/H modules

	PC
	Personal Computer

	SLAC
	Stanford Linear Accelerator Center

	SVAC
	Science Verification, Analysis, and Calibration

	TC
	Test Conductor

	TD
	Test Director

	TEM
	Tower Electronics Module

	TKR
	Tracker

	TRR
	Test Readiness Review

	USB
	Universal Serial Bus

	QAE
	Quality Assurance Engineer

	VG
	Van de Graaff


3. REFERENCES
The list below provides documents that are to be used as references for this procedure:
3.1 Applicable Documents

	Document Number
	Description

	SPECIFICATIONS
	

	LAT-TD-00778
	LAT Environmental Specification

	LAT-TD-00440
	Beam Test Plan

	LAT-TD-01396
	Calibration of the Van de Graaff Photon Flux

	LAT-TD-01805
	Van de Graaff Safety/Operations Handbook

	LAT-TD -04136
	Van de Graaf and Cosmic Data Runs for LAT Integration

	
	

	
	

	PROCEDURES
	

	
	

	PLANS
	

	LAT-MD-00039
	Performance Assurance Implementation Plan

	LAT-MD-00078
	GLAST LAT System Safety Program Plan

	LAT-MD-00228
	CAL, TKR, and T& DF Contamination Control Plan

	LAT-MD-00404
	LAT Contamination Control Plan

	LAT-MD-00408
	LAT Program Instrument Performance Verification Plan

	LAT-TD-00296
	Trigger and Dataflow Test Plan

	LAT-MD-02750
	LAT Performance and Operations Test Plan

	
	

	DRAWINGS
	

	
	

	OTHER
	

	LAT-MD-00091
	GLAST Quality Manual

	LAT-MD-00471
	Control of Nonconforming Product

	LAT-MD-00472
	Corrective and Preventative Action

	LAT-MD-00473
	Handling, Storage, Packing, Preservation and Delivery


4. REQUIREMENTS

This section lists the requirements that shall be utilized during design, development, manufacture, assembly, testing and storage.
4.1 General

The Performance Assurance Implementation Plan, LAT-MD-00039 shall be utilized to ensure that the products produced by the GLAST LAT project intended for design qualification, flight and critical ground support equipment usage meet the required levels of quality and functionality for their intended purposes.

This procedure shall follow the LAT Program Instrument Performance Verification Plan LAT-MD-00408 which details the LAT and its subsystem verification test flow.

The LAT T & DF Test Plan, LAT-TD-00296 shall be utilized to address the overall requirements at engineering model, qualification and production level phases. This document defines the time period from post circuit board fabrication until electronic box delivery to LAT Integration and Test.

Testing within this document shall conform to the requirements stated in LAT Performance and Operations Test Plan LAT-MD-02730 for all testing that relates to LAT I & T.

4.2 Test Personnel and Descriptions

The test team members are defined with the following responsibilities:

· Test Director
· Test Conductor

· Quality Assurance Engineer
· Van de Graaff and BGO DAQ Operator
Test Director (TD): Responsible for planning, scheduling, and coordinating all resources and organizations to accomplish the test. For example, the TD informs QAE that testing of flight hardware will take place over a specific time interval. The TD chairs the Test Readiness Review (TRR), the coordination meetings, and the Post Test Review (PTR). The TD is the ultimate authority for the test procedures and the data collected during testing.

Test Conductor (TC): The TC shall carry out testing of subsystems and components, in accordance with the test procedure, shall record all data, and sign the data packages. No testing is to be performed without the TC present. The TC shall report to the TD and document all anomalies and equipment failures in the test log book. The TC shall assure that changes in the environment, including the test fixtures shall not jeopardize the health and safety of the flight unit. The TC has the overall responsibility for accomplishing the test according to the test plan/procedure and to insure that the safety and welfare of the equipment is not compromised during the test. For example, the TC must ensure that QAE is present or on call during testing.

The TC is required to attend the Test Readiness Review (TRR), the coordination meetings and the Post Test Review (PTR).

The TC is the engineer responsible for test procedure changes or revisions as a result of errors and omissions discovered during testing. The TC signs off the data packages. The TC shall oversee completion of a final test report.

 Quality Assurance Engineer (QAE) is responsible for reviewing and approving test procedures; approving red line and black line changes to the procedures; verifying the test is being run according to approved procedures, and signing the data packages. The QAE is required to be present and shall observe all flight hardware testing. The QAE is responsible for the oversight of the following:

· Ensuring that all hardware and test logs are maintained.

· Ensuring that the procedure is performed as written and is the current released version.

· Ensuring that all test requirements are accurately met.

· Ensuring that any procedural deviation is approved and documented prior to being performed.

· Ensuring that any unsatisfactory result is documented and understood prior to continuing the test.

The QAE is required to attend the Test Readiness Review (TRR), the coordination meetings, and the Post Test Review (PTR). The LAT Program Instrument Performance Verification Plan, LAT-MD-00408 shall be utilized to further define the test personnel. The test personnel responsibilities are detailed in LAT I & T Subsystem Test Plan, LAT-MD-01376.
Van de Graaff and BGO DAQ Operator (VG/BGO Operator) is responsible for operating the Van de Graaff accelerator and for operating the BGO data acquisition system.  This operator must be trained as specified in LAT-TD-01805 (Van de Graaff Accelerator Safety/Operations Handbook).  This means the operator has passed SLAC/DOE Radiation Worker I training, has passed SLAC Course #270 (Radiation Generating Device Operator Training), and has been trained by the physicist in charge of the Van de Graaff (presently Gary Godfrey) in the specific operation of the machine (SLAC Course #270PRA).
4.3 Test Readiness Review (TRR) and Post Test Review (PTR)

The TRR and PTR are organizational meetings that shall be held at the appropriate times to inform all parties about the testing that is to be accomplished and has been completed. They are defined below.
· Test Readiness Review: The TRR is a decision milestone that confirms the readiness of items under test as well as all support equipment, procedures, and personnel before each test or test sequence is started. The TRR shall address any issue that affects the readiness of the system and/or test article(s) to undergo testing. The adequacy of the test procedure, supporting documentation, support equipment, safety procedures, personnel, and test schedule shall be reviewed. If the TD is in satisfied that all is ready, authorization is given to proceed with the test or test sequence. The TRR is chaired by the TD or the designated person. TRR attendees may include: TD, TC, QA, the MTech and ETech and other personnel or groups as required. All problems/failures shall be closed prior to completion of this review. In order to tailor/scale the TRR, the TD may define the TRR to be the act of collecting the signatures on the cover sheet of the data package.
· Post Test Review: The PTR meeting certifies that the test performed has been completed. If that is not possible, the PTR shall direct what is required before such certification is granted. The PTR is chaired by the TD or the designated person and shall be held within ten working days after the test activity has been completed. The TC, QAE, the MTech and ETech and other personnel or groups as required. The PTR shall review the test as executed along with all problem/failure reports generated from the test. All problems/failures shall be closed prior to completion of this review. In order to tailor/scale the PTR, the TD may define the PTR to be the act of collecting the signatures on the cover sheet of the data package.
The LAT Program Instrument Performance Verification Plan, LAT-MD-00408 shall be utilized to further define the organizational meetings.
4.4 Test Equipment

This procedure shall follow the requirements found in the LAT Program Instrument Performance Verification Plan, LAT-MD-00408, which defines calibration, accuracy, substitutions, etc. for the test equipment.
4.5 Test Data and Review

This procedure shall follow the requirements found in the LAT Program Instrument Performance Verification Plan, LAT-MD-00408, which defines the test data sheets and details the personnel that reviews test data. Test data shall be recorded on the data sheets that are found in Appendix A. The data sheets and any supporting data shall use a cover sheet that is found in Appendix A.

4.6 Nonconforming Test Data, Equipment and Software

This procedure shall follow the requirements found in the Control of Nonconforming Product, LAT-MD-00471. This document establishes methods to identify and control nonconforming product developed by the LAT project team.

4.7 Quality Assurance

This procedure shall follow the requirements found in the Corrective and Preventative Action document, LAT-MD-00472 and the GLAST Quality Manual, LAT-MD-00091 and LAT Program Instrument Performance Verification Plan, LAT-MD-00408.

The Corrective and Preventative Action document establishes the method to be used to initiate, implement, evaluate and record corrective and preventive actions. The GLAST Quality Manual defines the methods implemented by the GLAST LAT project to ensure consistent quality of all processes for procurement, design, development and production of flight hardware, flight software, calibration and all associated ground support equipment interfacing with flight hardware and software. The LAT Program Instrument Performance Verification Plan defines test configuration, data sheets and review of test results.

4.7.1 Product Assurance Requirements

The QAE shall witness the initial test setup and validation operations. In the event of a failure a Non Conformance Report (NCR) shall be written. The root cause and corrective action shall be identified and there shall be QAE approval before the operation is continued. Any deviation from this procedure requires approval from the QAE as well as the TC.

4.7.2 Test Specific Product Assurance Requirements

[QAE to add the test specific process information]
4.8 Safety

This procedure shall follow the requirements found in the GLAST LAT System Safety Program Plan, LAT-MD-00078. This document defines all phases of the LAT program including: design, development, fabrication, handling, transportation, storage, test, assembly and operation.

WARNING: When high voltages are present extreme care should be exercised.

5. PROCEDURE

5.1 Test Equipment

The test equipment is shown in Figure 1.  It consists of the Van de Graaff (Figure 1a), the BGO DAQ (Figure 1b), and the BGO calorimeter (Figure 1c).
5.1.1 Equipment
The list below indicates the equipment that is used to perform this procedure:

	Type
	Manufacturer
	Model

	Van de Graaff Accelerator
	High Voltage Engineering
	LC-400

	BGO Calorimeter
	University of California at Santa Cruz
	

	Data Acquisition System
	Stanford Linear Accelerator System
	


5.1.2 Fixtures

The list below indicates the test fixtures that are used to perform this procedure

	Type
	Description

	None
	

	
	


5.1.3 User Interfaces
Personal computer running DOS 6.20.
5.2 Test Setup

The Van de Graaff will be used to supply photons for the various instruments (EM, CU, and LAT) to detect.  Van de Graaff operation is described in LAT-TD-01805.  In order to evaluate how efficient the instrument is, the flux of photons coming from the target must be known.  To accomplish this, a BGO calorimeter will look at the photon production target and monitor the photon flux.  The BGO monitor is described in LAT-TD-01396.

(a)
(b)
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Figure 1. a)  The Van de Graaff accelerator is installed with its beam pipe inserted into the clean room.  b) The elements of the DAQ rack and PC are circled. c) The BGO monitor (covered in black plastic) is looking at the backside of the target.
NOTE:  QAE shall be notified that testing is expected to start, so that the QAE can arrange to be present for the setup and start of testing. This shall be recorded in the data package.
5.3 Test Setup Validation
Prior to running the Qualification or Acceptance test procedure all equipment, connections, controls and units under test shall be validated. To validate the setup, perform whichever test (i.e. Extended Performance Test or Short Performance Test or subset thereof is accomplished during the actual test phase.

Before using the VG/BGO DAQ with the LAT, it should be verified that the VG is producing photons and that the BGO DAQ is recording them.  There are two possible tests.

Short Performance Test: 

This test is performed immediately before starting a simultaneous BGO and LAT data run.  The VG is On (5.4.1 completed) and the BGO DAQ is On (5.4.2 completed).  An oscilloscope is connected to the fast-out of the first I/H module.  The scope is set to internally trigger on a negative pulse, 100 mV/cm, and 200 ns/cm.  For the Li and LiF target, the test consists of looking at the oscilloscope and verifying there is ~2 Hz excess of -1.6 volt pulses that are not there when the VG belt charge current is turned to zero.  
Extended Performance Test:

This test is performed at the beginning of a sequence of data runs when the VG has been off for a long period (weeks). The VG is On (5.4.1 completed) and the BGO DAQ is On (5.4.2 completed). The test consists of taking a 1000 sec data run by executing section 5.4.3 (but do not call the LAT operator to start/stop a simultaneous LAT run).  At the conclusion of the run, take the USB Memory Stick to the Particle Test Manager for an immediate analysis which will display the photon spectra and the rate of photons being produced.  For the Li and LiF target this rate should be a few Hz of Li gammas. 
5.4 Procedure to Take Simultaneous BGO and LAT Data
5.4.1 Turn On and Tune the Van de Graaff
1) You must be a trained VG Operator.  Follow the procedure in LAT-TD-01805 to turn on and tune the Van de Graaff .
5.4.2 Steps to Turn On the BGO DAQ Power

1) Turn on the power switches of all items in the DAQ rack.

2) Be sure a USB Memory stick is plugged into the USB port on the back of the PC.  Then, turn on the switch on the plug strip that the PC is plugged into.  If the switch is already on, push the computer reset button to reboot.
3) Momentarily push up the Cal Enable switch on the NEMO CAMAC module.  NEMO is the wide gold colored CAMAC module with the red numbers displayed across the top of the module.  This will turn on the green calibration lights on all the Integrate and Hold modules.

4) Be sure that the small slide switches on both LeCroy HV Supplies are set to Remote (not Local).

5) Hit cap lock on the PC keyboard.

6) Type:  HV        (return)

SET  1  (return)

(wait for display on HV supply to finish counting up)

ON    1  (return)

(observe the HV ON red light comes on the HV supply)

END  1  (return)
5.4.3 Steps to Start/Stop a BGO Data Run
2) Do a Short Performance Test (as described in 5.3).

3) Call the LAT operator and agree to start a run approximately (within 1 minute) simultaneously.
4) Type:
BGO      (return)

OPEN    (return)



              (return - if you like the suggested file name, 

   (otherwise - type in your own file name with no “.xxx” –   return)


RUN
   (return) 
The computer is now in a loop taking data and will no longer respond to the keyboard.

5) Partially fill in one line in the Van de Graaff log book and one line in the Test Data Sheet  (from Appendix A) with information about the run as specified at the top of the columns. Now follow the procedure in LAT-TD-01805 (Van de Graaff Accelerator Safety/Operations Handbook) to keep the machine running stably while data is being acquired.
6) Call the LAT operator and agree to end the run approximately (within 1 minute) simultaneously.  When you wish to end the run, hit the LAM button at the bottom of the single width CAMAC switch module.  The computer keyboard will come alive again for typing input.
7) Type:
END 
(return)

The computer will close the datafile on disk, zip it, and write the zipped file to the USB memory stick on the back of the PC.  If you get an error message, hit Retry.  If the error message persists, hit Abort and we will copy the zipped file to the memory stick (D:\) later.
The BGO program now exits.
8) Finish filling in the line of information for this run in the Van de Graaff logbook and in the Test Data Sheet.

You may begin another run by starting at 5.4.3 Step 1.
5.4.4 Steps to Turn Off the Power

1) Turn off the power switches of all items in the DAQ rack and the oscilloscope.
2) Turn off the switch on the plug strip that the PC is plugged into.

5.4.5 Turn Off the Van de Graaff
1) Follow the procedure in LAT-TD-01805 to turn off the Van de Graaff .
5.4.6 Offline BGO data analysis

1) Type:
DIR D:

(return)

This will return a list of all the files that are on the USB Memory Stick.  At the bottom of the list it will show the amount of free space remaining on the stick.  When the amount of free space is less than 25 Mbytes, unplug the USB Memory Stick from the back of the PC.  Plug back in another empty stick, and reboot the PC by pushing Cntrl-Alt-Del simultaneously.  Take the filled memory stick to the Particle Test Manager for offline analysis.

2) The Particle Test Manager inserts the filled stick into his offline PC and copies the entire stick is to the local directory D:\Old_H_350_BigData_\BGO Data\ .

3) He unzips all of the just copied files into the same directory.

4) He runs the MathCad program BGOspectra.mcd on each data file.  He prints out the resulting sheets for each data file.  He places these sheets in the Analysis Binder in the desk by the BGO DAQ rack.

5) He copies the average rate of F and Li gammas in the BGO fiducial volume from the sheets into the the appropriate columns of the Van de Graaff logbook and the Test Data Sheet.

6) He reports the average F and Li gamma rates for each run to the SVAC manager.    
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