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1. Purpose

The purpose of this document is to describe the method for measuring the LAT trigger jitter timing distributions, and serve as a guide for writing a procedure to do it.
2. Scope

The method described in this document can be used on the full 16 tower LAT or any subset of towers from 1 to 16 as long as there is a GLT module.
3. Definitions

3.1. Acronyms

ACD
Anti-Coincidence Detector

CAL
Calorimeter

CNO
Carbon Nitrogen Oxygen

DAQ
Data Acquisition system

EM
Engineering Model tower.

GEM
Global Trigger Electronics Module
GLAST
Gamma-ray Large Area Space Telescope

GLT
Global Lat Trigger
EGSE
Electronic Ground Support Equipment
LAT
Large Area Telescope.

ROI
Region of  Interest
SLAC
Stanford Linear Accelerator Center in Menlo Park, California

TKR
Tracker

TBD
To Be Determined

TBR
To Be Reviewed

TACK
Trigger Acknowledge

TREQ
Trigger Request

3.2. Definitions

Tracker
Silicon strip tracker within each tower of the LAT

4. Applicable Documents

[1]
LAT-TD-00605
TheTower Electronics Module (TEM) Programming ICD specification
[2]
LAT-TD-00639
The ACD Electronics Module (AEM) Programming ICD specification.
[3]
LAT-TD-01545
The GLT Electronics Module Programming ICD specification
[4]
LAT-MD-03489-01
Ad Hoc Committee on End-to-End Testing

5. Description of the Equipment
The equipment is the LAT (or subset of towers) with a GLT module and EGSE hardware and software to read out the LAT.

6. Description of the System

When a particle enters the LAT, the various subsystems (Tracker, Calorimeter, ACD) may send Trigger Requests (TREQs) to the GLT.  The GLT may then issue a Trigger Acknowledge (TACK) which returns to the subsystems to lock in information.  It is required in LAT-MD-03489-01 that we measure the time distribution (“Trigger Jitter”) of this TACK with respect to the time t0 that the particle (eg: muon) passed through the LAT.

There will be an external LVDT trigger input to the LAT.  The connector will be found on the “External Test Point Panel #1 on the +X side” of the grid. 
At least one of the 8 ROI vector bit coincidences must be defined to make the ROI Condition. In fact several pairs should be defined such that muons that pierce the pair are likely to pass through the muon telescope.  This will maximize the number of useful triggers as described below. The ROI Condition must be configured as a coincidence by setting Bit0 = 1 in the GEM Configuration Register.  The Trigger Message Look Up Table should be loaded to issue a TACK and Zero Suppress Bit if:

ROI Condition  .or.  Tkr  .or.  Cal Low  .or.  Cal High  .or.  CNO

The muon cosmic ray telescope will be used to establish t0.  The muon telescope signal will be externally delayed by 200 usec (stable to <.05 usec) and then put into the LAT’s external LVDT trigger input.  This trigger will come after the LAT has already triggered (and become live again) on whatever internal LAT trigger is enabled.  Therefore, the single muon will have caused two events to be written to disk.  The first event will be time stamped with the time the internal trigger’s TACK occurred, and the second event will be stamped with a time approximately 200 usec latter.   A histogram of the difference between these two times will show a distribution with a width of several clock ticks.  The major jitter in the muon telescope trigger will be ±1/2 clock tick caused by the GLT reading the external trigger input.  Thus the much larger width of the difference histogram is a direct measure of the internal trigger TACK jitter.

7. Which Trigger Walks to Measure
A Trigger Window is opened by a masked OR of  7 bits:

ROI bit 
= OR of all 16 ROI Vector bits

TKR bit
= OR of all 16 TKR Vector bits

Cal Low bit
= OR of all 16 Cal Low Vector bits

Cal High bit 
= OR of all 16 Cal High Vector bits

CNO bit
= OR of all 12 CNO Vector bits.
Periodic Condition bit

Solicited Condition bit
A bit will jitter in time because the TREQs which cause it are jittering.  For example, the TKR bit will come later if a strip is at the far end of a MCM and has to pass through many GTFE chip delays.  The TKR bit will also jitter because of different strip discriminator settings and different pulse heights due to different strip ionization deposits.

The LAT should be set up to operate with its nominal values.  Then the 7 bit mask should be set to enable both the ROI and one other trigger source at a time to open the trigger window.  Table 1 lists the various runs to take.   The CNO trigger is not measured since muons will not make a big enough pulse height in the ACD scintillator.
8. Mechanical Configuration
The muon telescope consists of two scintillators.  Each scintillator is slightly larger than the top of one LAT tower.  The LAT front face is up.  One scintillator is above the LAT, and the other scintillator is below the LAT.   The two scintillators should be positioned such that a normal vector from the center of the LAT front face passes through the center of both scintillators and is normal to them.  Thus the scintillators cover the center corner of the four central LAT towers.   Muons that pass through the scintillators will therefore acquire timing walks from 4 towers.

In order to avoid many LAT triggers that have no corresponding muon telescope trigger, only the TREQs from the central 4 towers should be enabled to contribute to the trigger.  Also, only ROI vector bit pairs from ACD pairs that the scintillator telescope muons have some chance of passing through, should be enabled to participate in the ROI Condition.

9. Suggestion for a “Trigger Jitter” script
This script would be executed once with a unique configuration file for each line in Table 1. The configuration file would include: 1) The trigger source, and 2) The number of external input triggers to take. The script would then set all registers to nominal values, turn off the contributions of all but the central 4 towers to the trigger vectors, set the OR mask so only the selected trigger can open the trigger window, and acquire the data.
This script should be designed to work, no matter how many towers are present (eg: EM, 1, 2, 4, 16).  However, there must be a GLT module.

Table 1. Summary of the data runs for TACK jitter measurements.  The LAT internal trigger rates are very rough estimates for only the TREQs of the four central LAT towers being enabled, and for only relevant ROI pairs being enabled.

	Run
	Trigger Source to open the trigger window.
	Triggers

Muon telescope
	Muon telescope

Trig Rate

[Hz]
	LAT Internal Trig Rate [Hz]
	Time

 [Hrs]

	
	
	
	
	
	

	1
	ROI (configured as a coincidence)
	2 x 104
	5
	8
	1

	2
	Tkr 3-in-a-row
	2 x 104
	5
	80
	1

	3
	Cal Low
	2 x 104
	5
	80
	1

	4
	Cal High
	2 x 104
	5
	8
	1
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