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Abstract

TheDAFNE BeamEstFacility (BTF) attheINFN Laboratoriesn Frascatprovideselec-
tron and positronbeamsin the enegy rangetensof MeV-750 MeV in a wide rangeof
intensity from 1 upto 10'° particlesperpulse.Thepulserateis 50 Hz.

This paperdescribeghe implementationof two typesof high granularitysilicon beam
monitors:two pairsof silicon strip detectorgeadoutby singleparticleASICsfor thelow
multiplicity range(1-100 particles)and a silicon strip detectorwith chage integrating
electronicgto cover the remainingrange(100-10*°). Both the silicon detectorsarechar
acterizedvy largedimensiongupto 9.5x9.5cm?) andagranularityin the 100 um range.
The paperdescribeghe two systemsand the resultsobtainedduring several dedicated
runs.
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Figure1l: (a) The silicon beamchamberdnside the aluminumbox. (b) The SUCIMA
hybrid.

1 Introduction

The DAFNE BeamTestFacility[1] (BTF) atthe INFN Laboratoriesn Frascatiprovides
electronand positronbeamsn the enegy rangetensof MeV-750 MeV in a wide range
of intensity from 1 upto 10'° particlesperpulse. The high currentLINAC beamcanbe
extracteddirectly to theBTF ortoa 1.7 X, W targetto producea shover. The develop-
mentof a silicon on-line monitor covering all the enegy andmultiplicity rangecanbea
trueimprovementof the TestFacility capabilities.

Section2 will describehesiliconmonitors,Section3 themultiplicity referencecalorime-
ter, sectiord and5 low andhigh multiplicity results.

2 Silicon monitorsdescription

Two differentsilicon basedsystemdiave beenassemble@ndused:

e Thelow multiplicity monitor, madeof four 8.9x 8.9 cm? 228 m pitch silicon strip
detectors(Micron Semiconductottd) 380 xm thick (Fig. 1a). Eachdetectoris
AC-coupledandreadoutby 3 TAAL1 ASICs[2] characterizedby low noise,analog
readoutandselftriggeringcapabilities.Thechambersreableto measuréghebeam
profilewith anexpectedspatialresolutionof ~50 zmin low multiplicity conditions.
The 4 detectorsare organizedin a doublexz-y configuration,with a 15 mm gap
betweertheplanes.

¢ The high multiplicity monitor consistingof a 9.5x9.5 cm?, 410 zm thick silicon
stripdetectofHAMAMA TSU Photonicspevelopedfor the AGILE satellite[3]and



usedn the SUCIMA[4] configurationFig. 1b). The121 um pitch768DC-coupled
stripsarereadouby 6 128channethageintegratingVA_SCM2ASICs|2],charac-
terizedby 4 possiblegains(gain1-4from lowestto highestjanda maximumchage
rangeof 41 pC/channel.

3 Nal calorimeter at low voltage

Testingthe silicon beammonitor multiplicity responseneedsan indipendentmethodfor
measuringhe numberof arriving particles. A 15 X, Nal(TI) calorimeterhasbeenused
with photomultiplier shapingamplifier and peaksensingADC readout. Sincethe ex-
pectedmultiplicity rangeextendsup to 10° particles,the PMT biasvoltageshadto be
reducedo very low values.Startingfrom a singleparticlecalibrationpointat 600V the
gainratiois computedor eachbiasstepdown to 140V (Fig. 2a).
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Figure2: (a) Calorimetemgainvs. biascurve. At 140V arangeof 10° particlesis reached.
(b) Exampleof a 2d profile obainedn singleelectronmodeon chamber2.

4 Low multiplicity beam chamber results

Fig. 2b showvs the beamprofile measuredby the beamchambersn singleelectronmode.
Thetracksarefully reconstructe@ndthe angularresolutionis limited to a mradlevel by
thelow distancebetweertracker planes.If morethanoneelectronperbunchis crossing
the chambersno trackingis possibledueto the presencef ghosts but a profile canstill
be extracted,usinga chage weightedclusters(Fig. 3a). Thetotal chage of the detector
clusterss proportionalto the numberof incomingparticles sothis valuecanbe usedfor
aneventby eventestimationof the particlecrossingwith a +1 uncertairy (Fig. 3b).
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Figure3: (a) 1d profile with silicon chambersat anaveragemultiplicity of ~10 (b) Total
clusterchagein silicon vs. multiplicity asgivenby the Nal calorimeter

5 High multiplicity SUCIMA hybrid results

In caseof high multiplicity the integratedprofile of the SUCIMA detectoris computed
eventby event, after pedestabubtractionto obtainthe total chage (in ADC units) col-
lectedby the detector This chage is proportionalto the numberof particles. At the
maximumgainthe detectorstartsto be sensitve to a few hundredof electrongFig. 4a)
andis still linearupto 5-10* particles(Fig. 4b). Thisis themaximumallowedmultiplicity
attheBTF with theW targetin place. Themaximumnumberof particlesbeforeelectronic
saturationcanbe extimatedmeasuringhe ASIC gainratio (Fig. 5a); being 36 theratio
betweerthe lowestandthe highestgainsthe maximummultiplicity is 36.5-10'=1.81CF.
This resultrefersto a 2.35cm sigmagaussiarbeamandhasto be scaleddown for nar
rower beams. The multiplicity responsenf the detectorwas checled to be indipendent
from boththe beamsizeandthe particleenengy.

Testshave beendoneremoving the W targetsothatthewhole LINAC beamcouldreach
thedetector Thecalorimetehasto beremoved,thusno indipedenimultiplicity measure-
mentwasprovided. With the slits full openedthe detectorshowns saturationat any gain
(Fig. 5b), but the systemis still ableto returnusefulinformationon size,positionandtail
structures.

6 Conclusions

Silicon beamchambershave proven to be a very usefultool for the BTF operationin
both single electronand low multiplicity mode. Silicon detectorswith chage integrat-
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Figure4: (a) Meanintegratedsignalfor multiplicities up to 2000 particles,with gain4

anda beamenengy of 433 MeV (b) The integratedsignalin the 2000-5000multiplicity

range,with gain4 andelectronsof 112 MeV . The uncertaine®n the calorimeterdata
becomerelevantsincethe errorsdueto the biasloweringproceduresumup.

ing ASICs show a linear behaior in measuringhe multiplicity from somehundredgo
5.10* particlesper bunch,coveringthe whole BTF rangewhenthe W tametis in place.
Futhermorethe high multiplicity monitoris ableto provide position,sizeandtail struc-
ture informationin a muchwider range( up to 10°~Y particlesper bunch). A future
beammonitor dedicateddetectoris foreseenjt will featurea smallersize,to matchthe
beampipe dimensionsa finer pitch, to decreasehe numberof particlesper strip thus

increasinghe rangeandan AC couplingof the strip with the frontendto avoid pedestal
contributions.
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Figureb: (a) Profile of the beamat 2 differentgains.(b) Beamprofileswithout W tamet,
duringslits opening(up) andwith full openedslits (down), with thelowestgain.



