
���������	��
�
���
�������
�����


LNF-05/24(IR)
25 November 2005

A Photon Tag Calibration Beam for the AGILE Satellite
S.Hasan,M. Prest
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Abstract

TheAGILE satellitewill belaunchedin 2006for thestudyof gammaraysin theenergy
range30 MeV-50 GeV. The satellitehasto be calibratedusinggammaraysof known
energy. Thecalibrationfacility is beingdevelopedat theBeamTestFacility (BTF) at the
INFN Laboratoriesin Frascati.Thephotonsareproducedby bremsstrahlungof electrons
with a maximummomentumof 750 MeV/c. The electronsare taggedusing a dipole
magnetwhoseinternalwalls arecoveredby microstripsilicon detectors:dependingon
theenergy loss,they impingeonadifferentstriponcethedipolecurrenthasbeensetto a
givenvalue. Thecorrelationbetweenthedirectionof theelectronmeasuredby a pair of� -� siliconchambersandtheimpingingpositiononthetaggingmoduleinsidethemagnet
allows thetaggingof thephoton.Thepaperdescribesthecalibrationlayoutandtestsand
the results,comparedwith the Montecarlosimulation,in termsof productionrateand
energy resolution.



1 Introduction

The AGILE mission[1] will provide a powerful Observatory for � -ray astrophysicsin

theenergy range30 MeV-50 GeV, duringtheyears2006-2008.AGILE will belaunched

by the Indian launcherPSLV on a equatorialorbit at 550 km with Malindi as ground

base.Thescientificinstrumentis light ( � 100kg) andwill beableto detectandmonitor

� -ray sourceswithin a largefield of view ( � 1/4 of thewholesky). Giventhat its launch

is foreseenfor the beginningof 2006,thecalibrationof the scientificpayloadhasto be

performedbeforetheendof this year.

Thecalibrationfacility is beingdevelopedat theBeamTestFacility (BTF) of the INFN

Laboratoriesin Frascati.Its working principleandtheexperimentalsetuparedescribed

in Section2, while Section3 presentsthe resultsof thecommissioningof the beamline

andthecomparisonwith thesimulation.

Figure1: Working principleof thephotontagcalibrationbeamline.

2 The calibration facility

TheDAFNE BeamTestFacility (BTF)[2] is abeamtransferline for bunchesof electrons

andpositronsin theenergy rangetensof MeV - 750MeV in awiderangeof multiplicities

down to thesingleelectronmode.Thepulsedurationis 10nsandthepulserateis 50Hz.

Fig. 1 shows the basicidea of the photontag beamline. Photonsare producedin the

bremsstrahlungprocessby the impinging electronbeam. The last dipole magnetin the
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line is usedas a “tagger” of the electronsthat have undergonebremsstrahlungin the

siliconbeamchamberspositionedbeforethemagnetitself. Theseelectronshave lostpart

of their energy in thephotonandthusthey curve towardsthe innerwalls of themagnet

itself, which is completelycoveredby siliconmicrostripdetectors.

(a) (b)

Figure2: (a) Oneof thesilicon detectorsof thebeamchambers.(b) Oneof the tagging
moduleslocatedinsidethebendingmagnet;thefrontendPCBandthesilicondetectorare
clearlyvisible. Themaximumclearancefor themodulesis 4 cm.

Thesiliconbeamchambers(Fig.2(a))beforethemagnetarethemediumfor thebremsstrahlung

processandthey have to reconstructthedirectionof theprimarybeam.They consistin

two pairsof 8.9� 8.9cm� 380 � m thick stripdetectors(Micron Semiconductorltd) with a

pitch of 228 � m. Eachtile is readoutby 3 TAA1 ASICs(IDEAS, Norway).Thetwo tiles

of eachpair arepositionedin a � -� configurationandthedistancebetweenthetwo pairs

is 15mm. Giventhepitchandtheanalogreadout,thespatialresolutionis � 40 � m while

theangularoneis � 2 mrad.

Fig. 2(b) presentsoneof the taggingmodules,which is a 12 cm long 300 � m thick sil-

icon detectorwith a strip pitch of 100 � m anda readoutpitch of 300 � m in the central

regionand600 � m in theouter3 mm. Thetaggingsystemconsistsin 12taggingmodules

positionedin the 4.1 cm gapof the bendingmagnet.Given this value,a very compact

designhasbeenchosen:thefrontendelectronics(3 TAA1s permodule)is locatedabove

the silicon detectorand is connectedto a pitch adapterwhich in turn is bondedto the

siliconstrips.The12modulesareorganizedin 2 boxes.
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Figure3: Bremsstrahlungspectrafor a primary beamenergy of 424 MeV. The results
from theGeant3.21simulation(triangles)arein goodagreementwith thedatameasured
by theNaI calorimeter(full line).
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Figure4: (a) Relationshipbetweenthe valueof the photonenergy ascomputedusing
thetaggingmodules(X axis)andtheonemeasuredby theNaI calorimeter(Y axis). (b)
Dif ferencebetweentheexpected(taggingmodules)andmeasured(NaI)photonenergy.

3 Results

In the commissioningphase,the bremsstrahlungspectrumand the taggingsystemre-

sponsehavebeenverifiedusinga15X  NaI(Tl) calorimeter. Fig.3showsthebremsstrahlung

spectrummeasuredby thecalorimeterwhenoneof thetaggingmoduleshasdetectedan
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electron.Thedataarecomparedwith thesimulationobtainedfrom thecodewritten with

Geant3.21.Themimimumthresholdfor thecalorimeteris of theorderof 50MeV.

Fig. 4(a)presentstherelationshipbetweenthevalueof thephotonenergy asmeasuredby

theNaI(Tl) calorimeterandthevaluegivenby the taggingsystem.Fig. 4(b) shows the

residualsof thesamedistribution. Thesystemenergy resolutionis limited at themoment

by thecalorimeterone,which is of theorderof 6%from 424MeV down to 100MeV and

thenincreasesup to 18%. The systemallows to computethe photonenergy both when

thereis a single track in the beamchambersandfor multi track events(the maximum

allowedmultiplicity is around5 electronsperbunch). In this case,theentranceangleof

theelectronin themagnetis computedwith a weightedaverageof thetrackpositionsin

thechambers.

4 Conclusions

A photontaggedbeamfacility hasbeencommissionedat theBTF (LNF, Frascati).Pho-

tons are producedwith a bremsstrahlungspectrumfrom 750 MeV electronsand their

energy is measuredtaggingtheinteractingelectronwith asiliconspectrometerinsidethe

lastbendingmagnet.Theenergy resolutionis limited at themomentby thecalorimeter

usedin the systemcalibrationphase.The photonproductionratestronglydependson

beammultiplicity andis of theorderof 1 Hz.
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