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Abstract

TheDAFNE BeamTestFacility (BTF) attheINFN Laboratoriesin Frascatiprovideselec-
tron andpositronbeamsin the energy rangetensof MeV-750 MeV in a wide rangeof
intensity, from 1 up to 10��� particlesperpulse.Thepulserateis 50 Hz.
This paperdescribesthe implementationof two typesof high granularitysilicon beam
monitors:two pairsof siliconstripdetectorsreadoutby singleparticleASICsfor thelow
multiplicity range(1-100 particles)anda silicon strip detectorwith charge integrating
electronicsto cover theremainingrange(100-������� ). Both thesilicon detectorsarechar-
acterizedby largedimensions(up to 9.5 9.5cm! ) andagranularityin the100 " m range.
The paperdescribesthe two systemsand the resultsobtainedduring several dedicated
runs.
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Figure1: (a) The silicon beamchambersinside the aluminumbox. (b) The SUCIMA
hybrid.

1 Introduction

TheDAFNE BeamTestFacility[1] (BTF) at theINFN Laboratoriesin Frascatiprovides

electronandpositronbeamsin theenergy rangetensof MeV-750MeV in a wide range

of intensity, from 1 up to 10��� particlesperpulse.Thehigh currentLINAC beamcanbe

extracteddirectly to theBTF or to a 1.7X � W target to producea shower. Thedevelop-

mentof a silicon on-linemonitorcoveringall theenergy andmultiplicity rangecanbea

trueimprovementof theTestFacility capabilities.

Section2 will describethesiliconmonitors,Section3 themultiplicity referencecalorime-

ter, section4 and5 low andhighmultiplicity results.

2 Silicon monitors description

Two differentsiliconbasedsystemshavebeenassembledandused:

# Thelow multiplicity monitor, madeof four 8.9 8.9cm! 228 " m pitchsiliconstrip

detectors(Micron Semiconductorltd) 380 " m thick (Fig. 1a). Eachdetectoris

AC-coupledandreadoutby 3 TAA1 ASICs[2] characterizedby low noise,analog

readoutandself triggeringcapabilities.Thechambersareableto measurethebeam

profilewith anexpectedspatialresolutionof $ 50 " m in low multiplicity conditions.

The 4 detectorsare organizedin a double % -& configuration,with a 15 mm gap

betweentheplanes.

# The high multiplicity monitor consistingof a 9.5 9.5 cm! , 410 " m thick silicon

stripdetector(HAMAMA TSUPhotonics)developedfor theAGILE satellite[3]and
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usedin theSUCIMA[4] configuration(Fig.1b). The121 " m pitch768DC-coupled

stripsarereadoutby 6 128channelchargeintegratingVA SCM2ASICs[2],charac-

terizedby 4 possiblegains(gain1-4from lowestto highest)andamaximumcharge

rangeof 41pC/channel.

3 NaI calorimeter at low voltage

Testingthesilicon beammonitormultiplicity responseneedsan indipendentmethodfor

measuringthenumberof arriving particles.A 15 X � NaI(Tl) calorimeterhasbeenused

with photomultiplier, shapingamplifier andpeaksensingADC readout. Sincethe ex-

pectedmultiplicity rangeextendsup to ���(' particles,the PMT biasvoltageshadto be

reducedto very low values.Startingfrom a singleparticlecalibrationpoint at 600V the

gainratio is computedfor eachbiasstepdown to 140V (Fig. 2a).
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Figure2: (a)Calorimetergainvs. biascurve. At 140V arangeof �2�(' particlesis reached.
(b) Exampleof a2dprofileobainedin singleelectronmodeon chamber2.

4 Low multiplicity beam chamber results

Fig. 2b shows thebeamprofile measuredby thebeamchambersin singleelectronmode.

Thetracksarefully reconstructedandtheangularresolutionis limited to a mradlevel by

thelow distancebetweentracker planes.If morethanoneelectronperbunchis crossing

thechambers,no trackingis possibledueto thepresenceof ghosts,but a profile canstill

beextracted,usinga chargeweightedclusters(Fig. 3a). Thetotal chargeof thedetector

clustersis proportionalto thenumberof incomingparticles,sothis valuecanbeusedfor

aneventby eventestimationof theparticlecrossingwith a 3 1 uncertainy (Fig. 3b).
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Figure3: (a) 1d profile with silicon chambersat anaveragemultiplicity of $ 10 (b) Total
clusterchargein silicon vs. multiplicity asgivenby theNaI calorimeter.

5 High multiplicity SUCIMA hybrid results

In caseof high multiplicity the integratedprofile of the SUCIMA detectoris computed

eventby event,afterpedestalsubtraction,to obtainthe total charge (in ADC units) col-

lectedby the detector. This charge is proportionalto the numberof particles. At the

maximumgainthedetectorstartsto besensitive to a few hundredsof electrons(Fig. 4a)

andis still linearupto 5C 10D particles(Fig.4b). Thisis themaximumallowedmultiplicity

attheBTFwith theW targetin place.Themaximumnumberof particlesbeforeelectronic

saturationcanbe extimatedmeasuringthe ASIC gain ratio (Fig. 5a); being36 the ratio

betweenthelowestandthehighestgainsthemaximummultiplicity is 36C 5C 10D =1.8C 10E .
This resultrefersto a 2.35cm sigmagaussianbeamandhasto bescaleddown for nar-

rower beams.The multiplicity responseof the detectorwaschecked to be indipendent

from boththebeamsizeandtheparticleenergy.

Testshave beendoneremoving theW targetsothatthewholeLINAC beamcouldreach

thedetector. Thecalorimeterhasto beremoved,thusno indipedentmultiplicity measure-

mentwasprovided. With theslits full openedthedetectorshows saturationat any gain

(Fig. 5b),but thesystemis still ableto returnusefulinformationonsize,positionandtail

structures.

6 Conclusions

Silicon beamchambershave proven to be a very useful tool for the BTF operationin

both singleelectronandlow multiplicity mode. Silicon detectorswith charge integrat-
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Figure4: (a) Meanintegratedsignalfor multiplicities up to 2000particles,with gain4
anda beamenergy of 433MeV (b) The integratedsignalin the2000-5000multiplicity
range,with gain4 andelectronsof 112MeV . Theuncertaineson thecalorimeterdata
becomerelevantsincetheerrorsdueto thebiasloweringproceduresumup.

ing ASICsshow a linear behavior in measuringthe multiplicity from somehundredsto

5C 10D particlesperbunch,coveringthewholeBTF rangewhentheW target is in place.

Futhermore,thehigh multiplicity monitor is ableto provide position,sizeandtail struc-

ture information in a much wider range( up to 10V2WYX particlesper bunch). A future

beammonitordedicateddetectoris foreseen;it will featurea smallersize,to matchthe

beampipe dimensions,a finer pitch, to decreasethe numberof particlesper strip thus

increasingtherangeandanAC couplingof thestrip with thefrontendto avoid pedestal

contributions.
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Figure5: (a) Profileof thebeamat 2 differentgains.(b) Beamprofileswithout W target,
duringslitsopening(up)andwith full openedslits (down), with thelowestgain.
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