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Proposal for an endProposal for an end--toto--end test of GLAST end test of GLAST 
LAT absolute event timesLAT absolute event times

To be performed by David A. Smith1*, in collaboration 
with Denis Dumora1 and Eric Grove2. 

Presented by Neil Johnson2.

1) Centre d’Etudes Nucléaires de Bordeaux-Gradignan
(CENBG/CNRS), France

2) Naval Research Laboratory
* U.S. citizen
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MotivationMotivation
Gamma ray pulsar research is a primary GLAST LAT science goal.

Pulsar studies require event absolute time stamps to within 10 µS.

A difficult measurement – major missions have had serious issues.

Example: CHANDRA HRC-I, see

LAT measures time stamp precision relative to an external time 
stamp. The LAT 13x tests to meet Level 3 req’t 5.2.11 are described 
in LAT-MD-02730.

1 PPS signal precision (“pulse per second”) is a spacecraft 
requirement.

The complete hardware plus software chain is long & complex.

This proposal: cross-check the LAT timestamps using an external, 
independent, validated system.
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OverviewOverview

Cosmic ray muons traverse the LAT and are routinely used to test 
LAT performance.

Some of these muons can be intercepted by a “telescope” of two 
scintillators, to trigger an external data acquisition system that 
includes a GPS time stamp.

LAT track reconstruction will be used to identify individual muons
that crossed the scintillators.

The external GPS timestamp will be compared with the LAT 
timestamp.

– Measurements to be made in parallel with planned tests, by 
external personnel, with existing equipment – no schedule or 
cost impact.



Event display by Riccardo Giannitrapani, INFN Udine
Animated “Movie” by Anders Borgland, SLAC

Top phototube + scintillator

Bottom phototube + scintillator

To external data 
acquisition with GPS
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OutlineOutline

About the data acquisition system

About the scintillators (the “muon telescope”)

– Placement

– Data rates

Preparation, planning, and personnel
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Data acquisition systemData acquisition system

Used by “CELESTE”, a ground-based gamma ray telescope.

Also used for GLAST LAT calorimeter testbeam studies (without 
GPS).

The GPS is in a VME crate controlled by a Motorola 68040 running
the Lynux OS.       (   Datum bc635 VME )

Standard NIM electronics will be used to trigger on the coincidence 
of the phototube signals that occurs when the scintillators are 
traversed by a muon.
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Thémis
(French Pyrenees)

CAT

CELESTE

CELESTE CELESTE 
CENBG, Ecole Polytechnique, Collège de France, Montpellier, Toulouse (~30 scientists)

Heliostat i :
Ai(t)

γ photon 

Electromagnetic shower :
e+, e- γ              

Cherenkov photons

Tower

1998-2004: Only gamma ray telescope in the 
world sensitive between 30 et 130 GeV.
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The The muonmuon telescopetelescope

During the LAT calorimeter integration, NRL used a muon telescope 
for module-level  CAL testing. We will use these same scintillator + 
photomultiplier tube assemblies for the GLAST absolute time 
validations.

Each scintillator is (50 cm)².

Two photomultiplier tubes per scintillator (total of 4).

High voltage supplies and settings, and NIM discriminators and 
settings available from NRL.
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LAT CalorimeterLAT Calorimeter’’s s MuonMuon Telescope + StandTelescope + Stand

Top Scintillator

Bottom Scintillator
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MuonMuon telescope placementtelescope placement

Ideally, one scintillator above 
GLAST, and the other below.

No room below? Then both 
above

Bottom phototube + scintillator To GPS

Top phototube + scintillator To MVME interrupt
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MuonMuon telescope placement, conttelescope placement, cont’’dd

Each scintillator+PMT assembly weighs a few pounds. High voltage 
plus signal cables (4x2 = 8) add several more pounds.

We picture the scintillator assemblies mounted in the NRL muon
telescope frame (or something similar) on a “diving board” that can 
be rolled into place, placing the telescope over GLAST. 

– Over GLAST is not strictly necessary.  Could be at the side and 
above GLAST with a reduced event rate.

On a table, in or out of the clean room, out of people’s way, we will 
have:

– A VME crate, with external hard disk.

– A NIM crate, with the PMT HV supply.

– A computer monitor and keyboard (perhaps a laptop computer).
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MuonMuon rates, test durationrates, test duration

Muon rate:     R = Ivhard A Ω where

Ivhard ≈ 80 /m²/s/sr is the rate for ground muons (“hard component”)

A = r² = (50 cm)² = 0.25 m² is the scintillator area

Ω ≈ π(r/d)² is the telescope solid angle of acceptance, where   d is the 
vertical separation between the scintillator paddles.

R ≈ (15 Hz)/d² (d in meters)    
[  Eric says 10 Hz for 1.5 CAL heights, including (PMT efficiency)4 ]

A few hundred events is more than we need – a few minutes of running.
TOTAL TEST DURATION: 

DAY ONE: a few hours to set up. A few runs of a few minutes, in parallel 
with LAT muon runs. 

DAY TWO: Overnight for data analysis. Repeat runs only in case of 
problems.
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Preparation, planning, & personnelPreparation, planning, & personnel

In Bordeaux, bring timing system back up using the small 
scintillators.

Deliver VME system to NRL for checkout with CAL scintillators
before shipment to GD C4. 

Final tests at General Dynamics after integration of LAT with 
spacecraft. Tests run in parallel with LAT cosmic ray acquisition. 

– Post-integration checkout?

Need to know position of LAT relative to muon telescope, to within a 
few inches.

Tests to be performed by (a) US citizen(s).

Post test correlation of muon telescope timestamped event list with 
LAT’s filtered muon event list demonstrates timing accuracy (or 
consistency).  

No GLAST schedule or cost impact.
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SummarySummary

10 uS timestamp accuracy of GLAST LAT gamma ray events is 
absolutely critical to the success of GLAST pulsar research, a 
primary mission goal.

The GLAST + LAT hardware & software chain involved in event 
dating is complex. Previous missions have had problems 
discovered after launch.

We propose a simple test for end-to-end validation.

The test exploits the synchronicity of cosmic ray muons traversing 
both the LAT and a simple external detector.

The test would be performed by a US citizen supported by non-US 
funding, and would take a few hours on a couple of days, with no
schedule impact.

The testers have extensive experience with both pulsar timing and 
cosmic ray detection. 
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Extra slidesExtra slides……



Testing Celeste pulsar search hardware & software. Testing Celeste pulsar search hardware & software. 
Sum of AC-coupled PMT anode currents for three heliostats, tracking the 
Crab. 
Sample at 2 kHz for 20 minutes. For each sample, calculate phase and enter 
current fluctuation into histogram. Validated at different epochs.

1 period = 33 milliseconds.  Nota bene, TWO rotations shown. 

Main peak
“P1”

Secondary peak
“P2”

Crab

(By D. Dumora)
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Example of Example of ““real lifereal life”” timing problem timing problem 
• While reading up on PSR J0205+6449 I came across this:
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CHANDRA pulsar timing problems, contCHANDRA pulsar timing problems, cont’’dd
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CHANDRA pulsar timing solutionCHANDRA pulsar timing solution

They recovered, but apparently with some loss of pulsed 
sensitivity…


