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Abstract

The AGILE satellitewill belaunchedn 2006for the studyof gammaraysin the enegy

range30 MeV-50 GeV. The satellitehasto be calibratedusinggammarays of known

enepgy. Thecalibrationfacility is beingdevelopedatthe BeamTestFacility (BTF) atthe

INFN Laboratoriesn Frascati.Thephotonsareproducecdby bremsstrahlungf electrons
with a maximummomentumof 750 MeV/c. The electronsare taggedusing a dipole

magnetwhoseinternalwalls are coveredby microstrip silicon detectors:dependingon

theenengy loss,they impingeon adifferentstrip oncethedipole currenthasbeensetto a

givenvalue. The correlationbetweenthe directionof the electronmeasuredby a pair of

x-y siliconchambersandtheimpingingpositiononthetaggingmoduleinsidethemagnet
allowsthetaggingof the photon.The paperdescribeshe calibrationlayoutandtestsand
the results,comparedwith the Montecarlosimulation,in termsof productionrate and
enepy resolution.



1 Introduction

The AGILE mission[1] will provide a powerful Obsenatory for ~-ray astrophysicsn
theenegy range30 MeV-50 GeV, duringthe years2006-2008 AGILE will belaunched
by the Indian launcherPSLV on a equatorialorbit at 550 km with Malindi as ground
base.The scientificinstruments light (=100kg) andwill be ableto detectandmonitor
~-ray sourceswithin alargefield of view (~1/4 of the whole sky). Giventhatits launch
is foreseerfor the beginning of 2006, the calibrationof the scientific payloadhasto be
performedbeforethe endof this year

The calibrationfacility is beingdevelopedat the BeamTestFacility (BTF) of the INFN
Laboratoriedn Frascati.lts working principle andthe experimentalsetupare described
in Section2, while Section3 presentghe resultsof the commissioningof the beamline
andthe comparisorwith the simulation.
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Figurel: Working principle of the photontag calibrationbeamline.

2 Thecalibration facility

The DAFNE BeamTestFacility (BTF)[2] is abeamtransferine for bunchesof electrons
andpositronsn theenepgy rangetensof MeV - 750MeV in awide rangeof multiplicities
down to thesingleelectronmode.The pulsedurationis 10 nsandthe pulserateis 50 Hz.
Fig. 1 shows the basicidea of the photontag beamline. Photonsare producedin the
bremsstrahlungrocesshy the impinging electronbeam. The last dipole magnetin the



line is usedas a “tagger” of the electronsthat have undegone bremsstrahlungn the
silicon beamchambergositionedoeforethe magnettself. Theseelectronshave lost part
of their enegy in the photonandthusthey curve towardsthe innerwalls of the magnet
itself, whichis completelycoveredby silicon microstripdetectors.
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Figure2: (a) Oneof the silicon detectorsof the beamchambers(b) Oneof the tagging
moduledocatedinsidethebendingmagnetthefrontendPCBandthesilicon detectorare
clearlyvisible. The maximumclearancdor the moduless 4 cm.

ThesiliconbeamchambergFig. 2(a))beforethemagnetarethemediumfor thebremsstrahlung
processandthey have to reconstructhe directionof the primary beam. They consistin
two pairsof 8.9x8.9cn? 380 :m thick strip detector§Micron Semiconductoltd) with a
pitch of 228 um. Eachtile is readoutoy 3 TAA1 ASICs (IDEAS, Norway).Thetwo tiles
of eachpair arepositionedin a z-y configurationandthe distancebetweerthetwo pairs
is 15 mm. Giventhepitch andthe analogreadoutthe spatialresolutionis =40 ym while
theangularoneis ~2 mrad.

Fig. 2(b) presentone of the taggingmodules which is a 12 cm long 300 zm thick sil-
icon detectorwith a strip pitch of 100 xm anda readoutpitch of 300 xm in the central
regionand600,m in theouter3 mm. Thetaggingsystemconsistan 12 taggingmodules
positionedin the 4.1 cm gap of the bendingmagnet. Giventhis value, a very compact
designhasbeenchosen:ithefrontendelectronic{3 TAALls permodule)is locatedabove
the silicon detectorandis connectedo a pitch adaptermwhich in turn is bondedto the
silicon strips. The 12 modulesareorganizedn 2 boxes.
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Figure 3: Bremsstrahlungpectrafor a primary beamenepgy of 424 MeV. The results
from the Geant3.21simulation(triangles)arein goodagreementvith the datameasured
by the Nal calorimeter(full line).
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Figure 4: (a) Relationshipbetweenthe value of the photonenegy as computedusing
thetaggingmodules(X axis)andthe onemeasuredy the Nal calorimeter(Y axis). (b)
Differencebetweerthe expectedtaggingmoduleslandmeasuredNal)photoneneny.

3 Reaults

In the commissioningphase,the bremsstrahlungpectrumand the tagging systemre-
sponséave beenverifiedusinga 15X, Nal(Tl) calorimeterFig. 3 shavsthebremsstrahlung
spectrunmeasuredy the calorimeterwhenoneof the taggingmoduleshasdetectedan



electron.The dataarecomparedvith the simulationobtainedfrom the codewritten with

Geant3.21. Themimimumthresholdfor the calorimeteris of the orderof 50 MeV.

Fig. 4(a) presentsherelationshipbetweerthevalueof the photonenegy asmeasuredy

the Nal(TI) calorimeterandthe value given by the taggingsystem. Fig. 4(b) shows the
residualf the samedistribution. The systemenegy resolutionis limited atthe moment
by the calorimeterone,whichis of theorderof 6% from 424 MeV down to 100MeV and
thenincreasesp to 18%. The systemallows to computethe photonenegy bothwhen
thereis a singletrack in the beamchambersandfor multi track events(the maximum
allowed multiplicity is around5 electrongperbunch). In this case the entranceangleof

the electronin the magnetis computedwith a weightedaverageof the track positionsin

thechambers.

4 Conclusions

A photontaggedbeamfacility hasbeencommissionedtthe BTF (LNF, Frascati).Pho-
tons are producedwith a bremsstrahlungpectrumfrom 750 MeV electronsand their
enepy is measuredaggingtheinteractingelectronwith a silicon spectrometeinsidethe
lastbendingmagnet. The enegy resolutionis limited at the momentby the calorimeter
usedin the systemcalibrationphase. The photonproductionrate strongly dependson
beammultiplicity andis of theorderof 1 Hz.
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