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The GLAST MissionThe GLAST Mission
GLASTGLAST Telescope measures the Telescope measures the 
direction, energy and arrival time of direction, energy and arrival time of 
celestial gamma rays celestial gamma rays 

-- LATLAT will observes gammawill observes gamma--rays covering rays covering 
the energy range ~20 the energy range ~20 MeVMeV --300 300 GeVGeV

-- GBMGBM will detects transient events in the will detects transient events in the 
energy range ~20 keV energy range ~20 keV –– 20 MeV  20 MeV  

Launch: 2008
Florida

Orbit: 550 km, 
28.5o inclination

Lifetime:  5 years 
(minimum)



GLAST Large Area Telescope (LAT)GLAST Large Area Telescope (LAT)
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Si TrackerSi Tracker TowerTower
SSDs pitch = 228 µm
12 layers × 3% X0
+ 4 layers × 18% X0
+ 2 layers
Total channels: 
884736

Grid (& Thermal Grid (& Thermal 
RadiatorsRadiators))

3000 kg,  650 W
1.8 m × 1.8 m × 1.0 m

CsICsI CalorimeterCalorimeter
Hodoscopic array
8.4 X0;  8 planes × 12 bars
2.0 × 2.7 × 33.6 cm

ACDACD
Segmented
scintillator tiles
0.9997 efficiency

16 identical towers16 identical towers



Beam Test MotivationsBeam Test Motivations
LAT calibration on a beam LAT calibration on a beam after and beforeafter and before runsruns
with cosmicwith cosmic ray at groundray at ground

GoalsGoals
– Expose a LAT Calibration Unit (CU) to different beams: 

photons, electrons, protons, positrons
energies from 500MeV to 300GeV
different configurations (angle, impact point)

–– Verify the actual response of the instrument:Verify the actual response of the instrument:
CalibrationCalibration
Direction measurement & Angular DispersionDirection measurement & Angular Dispersion
Energy reconstruction & energy resolutionEnergy reconstruction & energy resolution

– Validate full LAT Monte-Carlo simulation



Beam Line @ Beam Line @ CERN and GSICERN and GSI

T9 line T9 line -- CERN CERN MeyrinMeyrin
– Beam extracted from PS
– e-, e+, p, π 0.5-10GeV/c
H4H4 line line -- CERN CERN PrevessinPrevessin
–– Beam extracted from Beam extracted from SPSSPS
–– e, p, e, p, ππ 1010--300GeV/c300GeV/c

GSI BeamGSI Beam
–– 1212

66C and C and 131131
5454Xe  1.5 GeV/nXe  1.5 GeV/n



The GLASTThe GLAST--LAT Calibration UnitLAT Calibration Unit

tower 3 tower 2 tower 1 bay 0

The CU is composed by:The CU is composed by:
–– 2 complete LAT towers (TKR 2 complete LAT towers (TKR 

& CAL) & CAL) 
–– 1 CAL module1 CAL module
–– 5 ACD tiles5 ACD tiles

The CU is housed in a 2mm The CU is housed in a 2mm 
thick al Inner Shipping thick al Inner Shipping 
Container. The ACD tiles are Container. The ACD tiles are 
mounted outsidemounted outside



Beam Test SetBeam Test Set--Up (@PS)Up (@PS)
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The gamma ray beam at the CERN PS T9 line 
was produced by bremsstrahlungbremsstrahlung of electrons 
through the upstream materials. A magnet has 
been used to separate electrons from photons. 
A beam dump has been used to stop electrons.

Tagged photon beamTagged photon beam
–– An external tracker (4 An external tracker (4 xx--yy view silicon strip detector) was view silicon strip detector) was 

used to track electrons upstream and downstream the used to track electrons upstream and downstream the 
magnet, readmagnet, read--out by means of an external DAQout by means of an external DAQ

–– Trigger on STrigger on S44&S&Sfrontfront & & CerenkovsCerenkovs
–– External DAQ was synchronized with the CU one, then External DAQ was synchronized with the CU one, then 

the data have been merged with the CU onethe data have been merged with the CU one
–– Different electron beam energy in the range 0.5Different electron beam energy in the range 0.5--2.5 2.5 GeVGeV

and magnetic field intensity have been used to provide a and magnetic field intensity have been used to provide a 
gamma spectrum to the CU below 2 gamma spectrum to the CU below 2 GeVGeV

Not tagged photon beamNot tagged photon beam
–– Trigger on Trigger on SSfrontfront & Cherenkov& Cherenkov
–– Full Full bremsbrems spectrum from 2.5GeV/c electron beamspectrum from 2.5GeV/c electron beam



The experimental setup @T9The experimental setup @T9
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γ

The FRED Event Display

Thin 2.7% R.L.  
Trays 7-18

Thick 18% R.L.
Trays 3-6

No Tungsten
Trays 0-2

Display of a candidate photon Display of a candidate photon 
event  event  



Photon beam spotPhoton beam spot

0.5 GeV Electron beam 1 GeV electron beam

1.5 GeV electron beam 2.5 GeV electron beam

Data points are 
reconstructed 
gamma vertex 
positions
Beam dispersion 
from electron data
– 0.5 GeV: 14 mrad
– 1.0 GeV: 9 mrad
– 1.5 GeV: 7 mrad
– 2.5 GeV: 4 mrad



Tagged Tagged γγ energyenergy

2.5 GeV electron beam

Gamma Tagged Energy = 
Beam energy – Electron energy



TrackerTracker performanceperformance
The hit strip The hit strip multiplicitymultiplicity
forfor gammasgammas ((e+e+/e/e--) ) 
increasesincreases alongalong the the beambeam
direction, direction, followingfollowing the the 
developmentdevelopment of of e.m.e.m.
showershower in the in the trackertracker. . 
The hit The hit multiplicitymultiplicity isis
constantconstant forfor nonnon--e.m.e.m.
interactinginteracting particlesparticles
((protonsprotons))
EventsEvents at at normalnormal
incidenceincidence

beam



AngularAngular DispersionDispersion at 68%at 68%
The gamma angle has 
been calculated with 
respect to the beam 
direction 

The The eventsevents takentaken at at 
normalnormal incidenceincidence and and 
onlyonly thosethose withwith twotwo trackstracks
associatedassociated withwith the the vertexvertex
are are usedused. . 

AngularAngular dispersiondispersion
decreasesdecreases withwith the the thethe
energyenergy

• Real Data
• MonteCarlo



AngularAngular DispersionDispersion at 68%at 68%

The The eventsevents takentaken at at differentdifferent θθ incidenceincidence
(0, 30 and 50 (0, 30 and 50 degdeg))



Longitudinal CAL energy shower profileLongitudinal CAL energy shower profile



Longitudinal CAL energy shower profileLongitudinal CAL energy shower profile
10 GeV electrons



EnergyEnergy CalibrationCalibration ((electronselectrons))

electrons 0 degrees

electrons 30 
degrees



ConclusionsConclusions
A A hugehuge amountamount of data of data hashas beenbeen collectedcollected
withwith sparespare flight flight modulesmodules..
High statistics data taking with different CU 
configurations (100M events collected) (100M events collected) 
Analysis show that the overall parformance 
(angular dispersion) are in a good agreement 
with the mission requirements

Poster by C.Monte “Performance of the GLAST-LAT 
tracker: beam test results” 



BeamsBeams
PSPS SPSSPS GSIGSI

γ γ TaggedTagged 0.050.05--1.5 1.5 GeVGeV

γ γ UnTaggedUnTagged 00--2.5 2.5 GeVGeV

ee-- 1.5 1.5 GeVGeV 10,20,50,100,200,280 10,20,50,100,200,280 GeVGeV

ee++ 1 1 GeVGeV

ππ-- 5 5 GeVGeV 20 20 GeVGeV

pp 6,10 6,10 GeVGeV 20, 100 20, 100 GeVGeV

1212
66CC 1.5 1.5 GeV/nGeV/n

131131
5454XeXe 1.5 1.5 GeV/nGeV/n



SetupSetup forfor electronselectrons
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