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Abstract— Using aerogd as radiator and multianode PMTs for
photon detection, a proximity focusing Cherenkov ring imaging
detector has been constructed and tested in the KEK 72 beam.
The aim is to experimentally study the basic parameters such
as resolution of the single photon Cherenkov angle and number
of detected photons per ring. The resolution obtained is well
approximated by estimatesof contributions from pixel size and
emissionpoint uncertainty. The number of detected photons per
Cherenkov ring is in good agreementwith values obtained from
Monte Carlo predictions, and turns out to be rather low, mainly
due to Rayleigh scattering and to the relatively large dead space
between the photocathodes. A light collection system and/or a
higher active area fraction of the photomultiplier tubes, together
with higher quality aerogds are expectedto impr ove the situation.
The reduction of Cherenkov vyield, for charged particle impact in
the vicinity of the aerogel tile side wall, has also beenmeasured.

Index Terms— Cherenkov counters, aerogel, multianode PMTS,
Belle spectrometer.

|. INTRODUCTION

Aerogels are materials with density and refradive index
in the region betweengasesand liquids or solids. Already
some time ago, Cantin et al. [1] proposedthat Cherenkv
radiationfrom silica aerogelscould be usedfor detectionof
particles.Besidesparticle detectos like for exanmple TASSO
[2], suchthreshdd courters found applicatims also in other
fields[3]. With improvedmanuéacturingtechniqes,aerogls of
highe transpaeng i.e. lessRayleighscatteringbecameavail-
able, pernitting their consideation asradiatas in Ring Imag-
ing Cherenkv (RICH) counters [4]. Ypsilantis and Seguina
[5] proposeda combina aerogel+@gs, mirror-focusedRICH
courter for the LHC-B experimentat CERN. The HERMES
team[6] constructd andopertedsucha ring imagirg detector
at DESY. The presentpaperrepats on experimental investiga-
tion of an aero@l basedRICH detectornot requring mirrors
i.e. of the proximity focusing type. Sucha detectoris being
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Fig. 1. The Experimental set-1p

consideedin conrectionwith a possibleupgrale of theBELLE
particleidentificationsystemat KEK [7], [8].

Il. THE EXPERIMENTAL SET-UP

Initial testsof the appaatuswith cosmicrayswerereporta
recently [9]. The presentpaper describesmeasuementsand
resultsobtainedwith the = 2 beamat KEK. A beamparticle-
pion, muonor electron- traversingthe appaatusis signaledby
two 5 x 5 cm? scintillation countes which deternine the time
of arrival. Two CO, gas Cherenkv countes produce signals
only upan the passageof electrors so thesesignalscould be
usedeitherto selector to exclude electrors.

Theaerogl radiatorandthe positionsensitve, singlephotm
detectorare contaired in a light tight box (Fig. 1), of which
the entrarce and exit sideseachhave a multiwire proportioral
chamier for measurig the track of theincidert particle.These
5x 5 cm? MWPC’s, with 10 um diameteygold-platedtungsten
anoce wires at 2 mm pitch andwith 90% Ar + 10% CH4 gas
flow, arereadout by delaylines on the x andy cathodewires.

After passingthrowgh the entrame MWPC, the chaged
particle hits the aerael slab in which it emits Cherenkv
phaons.Measuremets have beenmademainly with 2 cmthick
aero@l slabsof n=1.@, n=105 and n=107, producedby the
methal describedin [10]. The position sensitve detectorof
Cherenkv phaons is situated17-2 cm downstreamof the
aero@l, depenihg on the refractive index value of the specific
aero@l. Thedetecto is a6 x 6 arrayof 16 channelmultianoa
phaomultiplier tubes (Hamanatsu PMTs type R5900M16
[11]) at 30 mm pitch. The sensitve surfaceof the M16 PMT is
dividedinto 16 (= 4 x4) chamels,eachcovering 4.5 x 4.5 mm?2.
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Fig. 2. Someexamples of evert hit paterns. The circle correspondsto the
Cherankov ring of 3 GeV/c pionsgiven by the measurd tradk position.

It follows thatonly 36% of the detectorareais occuped by the
photsensitve chamels, the restbeingdeadspace.The phaon
detectionsystemand the aerogelradiatortile may be rotated
arourd an axis perpadicularto the beamdirectian, enabling
measuremants of angularacceptace i.e. measuremes of the
numter of detectedCherenkv photms as a function of the
chaged particleincidentangle.

The PMTsarepluggedinto voltagedivider board insidethe
light tight box with signalspassingthrough connetorsto the
readait systemlocatedoutsidethebox The PMT anodesignals
arefirst discriminded andthenrecoded by CAMAC multihit,
multichamel TDCs, for which the comnon STOP is provided
by the scintillation countersignals. The TDC information is
storedfor later analysisin a persmal computer.

As only 196 readait chamels were available for the 576
PMT anock outputs, only part of the systemcould be readout
with the4.5mm pixd size.However, by conneting 4 (= 2 x 2)
anodsto onereadait chanrel, the entire systemcould be read
out with 9 mm pixd size.

I1l. MEASUREMENT AND RESULTS

A few typical eventsaredisplayedn Fig. 2. Fromthephaon
hit positionandthe measuredlirection of the incidentchaged
particle,the Cherenkv angleis calculated. Accumuated dis-
tributions of hits, depenling on their Cherenkv angles,are
plotted in Figs. 3 and 4. Peaksand rings, correspading to
pions, muas and electrors, are clearly visible. Signalsfrom
the gasCherenkv courtersmay be usedfor eitherselectingor
excluding electrors. Fitting thesedistributions with Gaussian
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Fig. 3. Accumulateddistributionsof hits depemling on their Chereikov angle
for 3 GeV/c pions,andn = 1.03 aerogl radiator.

peaksand linear backgourds yields the averagevaluesand
standarddeviations of the measuredCherenkv angles.

The main contritutions to the resolutionin Cherenkv angle
as determired from a single photan (standarddeviations of
the peaksin distributions of Figs. 3 and 4) come from pixel
size and from uncetainty in the emission point. The first
contibution could be estimatedas o i, = d-co§6?ch/X\/ﬁ,
whered is the pixel size,8.,, is the Cherenkv angleand X is
the distancefrom aerogelto detector The secondcontibution
iS Oemp = L+ SiMep-c09.,/ X /12, wher L is the aerogl
thickress. The uncetainty in the track directin is expectel
to be negligible at 3 GeVlke, but shoud increaseconside-
ably at lowest momerta (05 GeV/ic). While the erra dueto
dispersionin the radiator (chramatic erroi) is expectedto be
negligible, additioral contibutions could arisedueto possible
nontuniformities of the aerogl (positionvariationsin refractive
index), nonflat aerogl surface,forward scatteringof photas
etc. Themeasurd Cheretkov angleresolutioni.e. the standad
deviation of peals in distributions of photon hits versts the
valueof aero@l refractive index, is shavn in Fig. 5 for 3 GeVic
pions. Differen datapointsin thefigurereferto differentvalues
of paraneterssuch as the radiator thickness, the radiata-to-
phaon-deectordistanceandthe photan detectompixel size. The
measurd valuesarerepreseted by full symbds, with different
symbd shapesndicating different combinationsof paraméer
values.Using the above expressionsfor the contibutions of
pixel sizeandemissionpoint uncertaily andsummingthemin
guadature,oneobtairs estimatedor theresolutionalsoshovn
in Fig. 5. Theseestimatesarerepresentg with emptysymbols,
their shapeagain correspading to the samecombiration of
paranetervalues asin the caseof measuremnt. |t maybeseen
from the figure that suchestimategive a good appioximatian
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Fig. 4. Accumulateddistributionsof hits depending on their Cherenkov angle
for all 0.5 GeVic beampartides (top), andwith gasCherenkov signal vetoing
the electrons (bottom). Aerogel with n = 1.05 was employed as the radiator.
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Fig. 5. The resoluton i.e. the standad deviation of the single Cheenkov

photonangukr distribution for differentvaluesof the detector paramegrs, for
a 3 GeV/e pion beam.Full symbolscorrespod to the measured/alues,empty
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Fig. 6. Numberof detected photors per Cherenkv ring for differentaerogls,
for a3 GeV/c pion beam.L is the aerogel radiaor thickness.

to the measuredesolutia, especiallyin the caseof the smaller
pixel size (d = 4.5 mm). The factthatonemeasued valuewith
4 cm radiatorthicknessis below the correspading estimateis
relatedto a reductio of the effective radiatorthicknessdueto
Rayleighscattering

The other importart parameterof a RICH counteris the
nunber of detectedphotms perincidert chaged particle. This
is usually paranetrisedas Ngo; = Ny - L - sin?0.p,, where
0., is the Cherenkv angle,L is the radiator thicknessand
Ny is a figure of merit depeunling on the radiatorand system
transpagng/, geometical acceptanceof photms (area and
angle) quarium efficiengy, photodectron collection efficiency
etc. Due to Rayleigh scattering,the aeragel transparacy has
a strongwavelendgh deperencein the region of R5900M16
PMT quanum efficiency, soonemay expecta sensitvity of the
nunberof detectecphotsontheparticularaerogésample.e.
on the production procedure.The nunber of detectedphotas
per Chereikov ring is shawvn in Fig. 6 for 3 GeV/c pions.
First one noticesthat the numter of photas does not increase
with refrective index as may be expectedfor g = 1 patrticles;
Nger o< sinff,, = 1 — 1/n?. Thenit is also obvious that
the 4 cm thick aerogelradiator does not prodice two times
as mary photas as doesthe 2 cm thick aerogl. And finally
we seethat the 2.8 cm thick aerogeltile [12], producedin a
different proeess[13], yields more Cherenkv phaonsthanthe
4 cm thick aerogel[10]. That a higher refradive index of the
aero@l sampledoesnot necessarilyprodiwce more phaons, is
obsered alsoin Fig. 7. Although the thresholdfor n = 1.05
is reached,as expeded, at lower particle monmenta than for
n = 1.03, the saturatednumiber of detectedphotms per
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Fig. 7. Numberof detected photonsper Cheenlov ring dependng on the
chaged paricle momentumfor different aeiogel radiaors.

Cherenkv ring is moreor lessthe samefor bothradiatas. The
above discrepaniescanbewell uncerstoodjf in estimatingthe
respoise of the counterthe Rayleigh scatteringis taken into
accoun

It hasbeenalreadynotedby the HERMES group|[6], thata
loss of Cherenkv photms occursat the side wall boundaries
betweenadjacentaerogl tiles. We have confimedthis finding
by measung the numker of phaons on the Cheretkov ring
as a function of the distanceof the chaged particle impact
point from the bourdary betweentwo tiles. The measuement
is shavn in Fig. 8, wherea dip is seenat the tile boundary
z = 0 mm. In orde to eliminate other geometical factors,
like for examge the acceptane of the phaon detecto, the
measuredield wasnormalizedto the yield obtainedwith one
tile coveling the entire range. The result clearly indicatesthe
redudion of yield when the chaged particle is closer than
abou 5 mm to the boundary of a 2 cm thick aerael tile. It
is worth noting that a simple model,whereall phaons hitting
the bourdary betweerthe two tiles getlost, accounts for most
of the obsered depenénce.

IV. CONCLUSIONS

We have construted andtesteda proximity focusing RICH
detectormodule with aerogelasradiatorandmultianoc PMTs
as position sensitve detectorsof individual Cherenkv pho-
tons. The measuredvalues of the basic paramgers i.e. the
single photax Cherenkv angle resolutionand the nurmber of
photms detectedper Cherenkv ring, look promising. The
resolutionis in relatively goodagreenentwith estimatedased
on pixe size and emissionpoint uncertaity. The number of
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Fig. 8. Thenumberof Cherenkov photms detectedon the ring, asa function
of the chaged partide impad point distance from the side wall of the aerogé
tile. Thevaluesshavn arenormalizzdto the measuredialuesin caseof asingle
tile covering the full range. Also shaown is the estimateof a simple model.

detectedbhotas, however is sensitve to the particdar aerogl
used. It seemsthat these differencesare due to Rayleigh
scattering,which redwces the aergel transparecy mainly in
the wavelendh region of maximal phdocatho@ sensitvity.
Photonultipier tubes with a higher fraction of active area,
possibly combined with a light collection system,consisting
of lensesor light guides,are expectedto increasethe numter
of detectedCherenkv photors by reducirg the deadspaceof
the phaon detecto. The increasen phota yield, however, is
in the latter caseat the expenseof anincreasen the effective
pixel size,so a compiomise,optimizing the final resolutionof
the chaged particle Cherekov angleshouldbe found.
Theinformationobtaired from theresultsof the presehtests
suggestshata proximity focusingaero@l RICH asrequiredby
the BELLE particleidentificationupgadeis feasible,soinves-
tigatiors of optimal detectorparanetersare beingcontinwed.
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