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1. Purpose

The requirements for the Calibration of the Van de Graff  Photon Flux flow down from the LAT Performance Specification – Level II(b) Specification Document (LAT-SP-00010).  In order to verify the LAT photon effective area at the low end of the GLAST energy range (20 MeV) it is necessary to put a known flux of ~20 MeV photons into the LAT and see what fraction it detects.  This should agree with the efficiency predicted by the GLAST Monte Carlo.  The performance requirements, for which the Calibration of the Van de Graff  Photon Flux is relevant, have been summarized in Table 1.
Table 1. Summary of Science Instrument Performance Verification (a subset of Table 1 of LAT-SP-00010-02).  A column has be added to the table indicating which beam tests are relevant to verifying the requirement.  The verification methods are T=Test.,  A=Analysis.

	Req’t #
	Req’t Title
	1 Parameter
	Verification Method
	Beam Tests relevant to the Verification

	5.2.1
	EnergyRange/ Effective Area
	At Normal Incidence:

> 300 cm2 @ 20 MeV

>3000 cm2 @ 100 MeV

>6400 cm2 @ 300 GeV
	T=Test

A=Analysis

T and A
	1) Van de Graaff 17.6 MeV 

2) Tagged photons 20 to 1500 MeV, norm incidence

3) Brem beam,  simultaneously all  energy bins from 20 MeV to 28 GeV, variety of angles and transverse positions.

4) Cosmic rays in airplane

	5.2.2
	Energy Resolution
	On axis:

( 50 %  20–100 MeV

( 10 %  .1-10 GeV

( 20%  10-300 GeV

(   6%  >10 GeV, Incidence>60° 
	T and A
	1) Van de Graaff 17.6 MeV 

2) Tagged photons 20 to 1500 MeV, norm incidence

3) Positrons 1,2,5,10,28, 45 GeV, variety of angles and transverse positions

	5.2.4
	Effective Area Knowledge (A/A, 1(
	<50% 20-50 MeV

<25% .05-300 GeV
	T and A
	1) Brem beam, simultaneously all  energy bins from 20 MeV to 28 Gev, variety of angles and transverse positions.


2. Scope

2.1. Items to be tested

The Calibration of the Van de Graff  Photon Flux describes the measurement of the photon flux from the Van de Graff using a Bismuth Germinate (BGO) calorimeter.
3. Definitions

3.1. Acronyms

ACD
Anti-Coincidence Detector

BGO
Bismuth Germinate (scintillating crystal calorimeter)

Crystal Ball
A 720 NaI crystal, 16 radiation length deep, 4 solid angle calorimeter

CU
Calibration Unit (4 towers)

DAQ
Data Acquisition system

EM
Engineering Model tower.

ESA
End Station A area at SLAC where beam is delivered to

GLAST
Gamma-ray Large Area Space Telescope

EGSE
Ground Support Electronics

LAT
Large Area Telescope.

SLAC
Stanford Linear Accelerator Center in Menlo Park, California

SPAR
Single Photon Angular Resolution

SSD
Silicon Strip Detector

TBD
To Be Determined

TBR
To Be Reviewed

3.2. Definitions

Tracker
Silicon strip tracker within each tower of the LAT

4. Applicable Documents

[1]
LAT-SP-00010
LAT Performance Specification – Level II(b)

[2]
LAT-TD-00440
Beam Test Plan
[3]
LAT-TD-01805
GLAST Van de Graff Accelerator Safety/Operations Handbook
[4]
LAT-PS-04133
Procedure to Take Simultaneous BGO and LAT Data

5. Description of the Equipment
5.1. The BGO Calorimeter
The BGO calorimeter is on loan from the University of California at Santa Cruz full time until Dec 2004 and then, as needed, until Dec 2006.  The calorimeter has previously been used in the SLAC E146 experiment (1) in ESA.  It consists of 45 BGO crystals (a 7 x 7 array with the four corners missing), each crystal measuring 2 cm x 2 cm x 20 cm (18 X0).  Each crystal is read out by a 3/4” photomultiplier tube.  The PMTs produce ~1 photoelectron per 30 keV of energy deposition in the BGO.
5.2. The BGO Data Acquisition System
The BGO calorimeter is read out by existing Crystal Ball electronics.  The electronics required for individual readout of all crystals are:

5
9 Channel Integrate/Hold Modules

1 Back-to-Back 36’er

1 NEMO Twig Scanner

1 Tracor Northern 1213 ADC (8192 channels)

2 Camac crates, controllers, cables

1 Personal computer with a branch driver

2 Lecroy HV4032A Systems with 48 channels of positive HV pods

45 HV cables (250 feet each)

45 Signal cables (250 feet each)

45 Impedance matching transformers (PMT to I/H module)
1 Camac branch driver

1
PC running DOS 6 
All this equipment is available and already in hand.  The long HV, signal cables, and matching transformers must still be assembled.  These cables must be 250’ long to reach from where the BGO calorimeter will be located in ESA to an exterior electronics building (SLAC Building 420).

This electronics has a particularly wide dynamic range (~160,000 chan ADC) if the phototubes can put out 80 peak mA to use it.  The phototubes on the array are expected to only put out up to 4 mA and therefore only use 1/20 of the range.  Presently, the tube HVs are near their maximum values and yield 40 KeV/chan.  This allows the energy calibration of the BGO with Cs137(.66 MeV), Co60 (1.1 and 1.3 MeV), and cosmics which leave ~100 MeV when passing across the array.
Presently, the electronics is configured more simply in a manner that is sufficient for Integrating and Testing the LAT with the Van de Graaff.  Rather than each individual crystal going to an ADC, analog sums of crystals are made first by just connecting the PMT capacitatively decoupled anodes together.  The summed signals are then ADC’d.  Figure 1 shows the crystal groupings.  Notice that this choice allows a fiducial area (the outer boundary of region 2) to be defined by selecting photons where E1+E2 ≥ E3 + E4 (where E’s are the energies recorded for the regions).  
[image: image1.jpg]



Figure 1.  The four regions of BGO crystals that are analog summed and then ADC’d.
There are two Fortran programs.  “HV” sets the BGO PMT high voltages to their calibrated values, and “BGO” is used to acquire data both for calibrations and actual runs.  An ASCI data file is  written to the local hard drive for each run.  This file is also zipped and written to a USB memory stick.  One stick holds approximately 1 day of running and is used to transport the data to another PC for analysis.  The result on the analysis is the average photon rate into the fiducial solid angle of the BGO for the BGO run that was taken simultaneously with the EM, CU, or LAT run.  Storage of the data is on the DAQ PC with a backup copy on data analysis PC.

The readout of an event is triggered by the I/H Fast Out exceeding a discriminator threshold.  Presently, the gain at this output is 100 mV/MeV.  Typically, the discriminator is set to ~half of the lowest energy to be looked at to minimize timing walk for holding the signal to be digitized. 
5.3. TheVan de Graff Accelerator
The Van de Graaff is a small electrostatic accelerator that produces up to a 400 Kev proton beam.  The proton beam strikes a Li7 target or a LiF19 target that terminates the end of the vacuum pipe and produces gammas via the reactions:


1   :   2
P(440 KeV)  +  Li7   →  Be8(1+)*  →  Be8 +  (14.6 or 17.6 MeV)
P (340 KeV) + F19  →     O16* +    →   O16 +  (6.1 MeV)

The accelerator is more fully described in the Beam Test Plan (LAT-TD-00440) and the GLAST Van de Graff Accelerator Safety/Operations Handbook (LAT-TD-1805).   

6. Description of Tests

6.1. Calibrate the BGO Energy Using  a Co60 Source

First, the PMT HV’s are turned on one at a time and adjusted so that Co60 peak (unresolved combination of 1.1and 1.3 MeV) give the same pulse height out of the I/H Fast Out (this is the analog sum that goes to the trigger circuit).  A LeCroy QVT connected to the I/H Fast Out is used to display the peaks.
Second, the pedestals of all channels are measured.  Figure 2a shows a typical pedestal which has an rms ~±1 channel.  The pedestals are stable over time to ≤±1 channel.

Third, an individual Co60 spectrum is taken for each BGO crystal.  This allows a slope KeV/chan to be calculated for each crystal.  This third step will only be done when each PMT is cabled to its own I/H Module input.  For the simpler scheme using the analog sums (Figure 1) it is assumed that all crystals have the same slope (eg: 40 KeV/chan) which is approximately true when the Fast Out Co60 signals are adjusted to be the same in step 1 above.   Figure 2b shows a Co60 spectra made for the entire BGO array with the simpler scheme.
6.2. Measure the Energy Spectrum from p+Li7 
The energy spectrum acquired with the Van de Graaff and BGO is shown in Figure 3.
a)



[image: image2]              
b)



[image: image3]
Figure 3.  a) The red curve (5% energy bins) is data from the BGO for the gammas (14.6, 17.6 MeV) from the reaction p+Li7on a Li target.  The blue curve is data taken for an equal length of time with the Van de Graaff turned off and shows a cosmic ray peak just above 100 MeV.   b) This is similar data but from a LiF target which shows the gamma (6.1 MeV) from p+F19  as well as the higher energy gammas from p+Li7.  
6.3. The Angular Distribution of the Photons
The 14.6 and 17.6 MeV photons come from the ~at rest decay of Be8* which should have an isotropic angular distribution.  Likewise, the 6.1 MeV photons come from the ~at rest decay of O16* which should also have an isotropic angular distribution   This has been verified by placing the BGO calorimeter at a fixed distance from the LiF target at various angles (0, 135 degrees) wrt the beam axis and measuring the flux with respect to another NaI calorimeter that was not moved (Table 1). 
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(a)
(b)
Figure 4.  a)  Energy spectrum of BGO (135°).  b)  Energy spectrum of BGO (0°).  The target was LiF.  The peak at 6 MeV is from p+F, and the peak at 14-17 MeV is from p+Li.  The plots are in 5% energy bins. The gaussian widths of the black fit curves are E/E=10%.
	BGO

Angle
	BGO(sum 4 - 25 MeV)

NaI  (sum 1 - 30 MeV) 
	Peak area ratios

6.1   / (14.6 + 17.6 )

	0°
	.321 ± .001 (stat) ± .009(sys)
	56.0 ± 1.4 (stat)

	135°
	.335 ± .001 (stat) ± .009(sys)
	58.8 ± 1.6 (stat)


Table 1. Ratio of the gammas seen by the BGO to the gammas seen by the NaI.  The BGO was always 18.0” from the target, but was moved to different angles as listed.

7. Measuring the Efficiency of the EM, CU, and LAT

As described in the Beam Test Plan (LAT-TD-00440), data will be taken with the Van de Graff target placed in front of the EM, CU, and LAT.  It is crucial to know the number of photons that the Van de Graff produced in each run.  

The method of knowing the number of produced photons will be to place the BGO calorimeter at ~135 degrees to the beam direction (ie: behind the target) while the target is in front of the EM, CU, or LAT.  Since we have measured the angular distributions (Section 6.3) (isotropic),  simultaneously counting photons into the solid angle of the BGO will yield the number of photons going into the solid angle of  the EM, CU, or LAT.
Thus the idea is to approximately simultaneously start/stop BGO and LAT runs.  Multiplying the average BGO rate by the time length of the LAT run gives the number of photons/steradian that the LAT has been exposed to.
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